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Many salicylideneanilines have been known to exhibit thermochromism in the solid state. In contrast, in the
solution, the thermochromism has rarely been observed. This paper reveals that salicylideneanilines are generally
thermochromic in the solution of hydrocarbon solvents and that the proton tautomerization, which is the
origin of the thermochromism, is controlled by the aggregation of molecules. This is evidenced by the electronic
absorption spectra of salicylideneaniline (1), N-(5-chloro-2-hydroxybenzylidene)aniline (2), N-(2-hydroxy-
4-methoxybenzylidene)aniline (3), N-(2-hydroxy-5-nitrobenzylidene)aniline (4), N-(2-hydroxy-5-nitrobenz-
ylidene)-2,6-dimethylaniline (5), andN-(3,5-di-tert-butyl-2-hydroxybenzylidene)aniline (6) in isopentane or
the mixture of isopentane and methylcyclohexane (volume ratio) 3:1) at different temperatures between
297 and 77 K. They exhibited a remarkable spectral change with lowering temperature, except for6. At 297
K the OH form is exclusively populated. When the temperature is lowered, the absorption bands of the OH
form decrease in intensity and new bands that are assigned to the NH form emerge. At 77 K, the OH form
disappears and the NH form is exclusively populated. The spectra of6 do not change with lowering of the
temperature.

Introduction

Proton tautomerization plays an important role in many fields
of chemistry and biochemistry.1,2 The tautomerization in sali-
cylideneanilines (eq 1) has been the subject of particular interest,

because it is closely related to thermo- and photochromism.3-9

Many salicylideneanilines exhibit thermochromism in the solid
state and it is ascribed to the population change of the OH and
NH forms with variation of the temperature.5 In contrast, in
solution the thermochromism has rarely been observed,10

probably because the NH form is too unstable to be populated
in solution. We wish to report here that salicylideneanilines are
generallythermochromic in the fluid solution of isopentane or
an isopentane/methylcyclohexane mixture and that the proton
tautomerization is controlled by the aggregation of the mol-
ecules.

Experimental Section

Materials. Salicylideneanilines were prepared according to
standard procedures. New compound5 was characterized as
follows: yellow crystals recrystallized from methanol, mp 132-
133 °C; 1H NMR (500 MHz, CDCl3) δ 14.27 (br s, 1H), 8.43
(s, 1H), 8.34 (d,J ) 3 Hz, 1H), 8.30 (dd,J ) 9, 3 Hz 1H),
7.13 (d,J ) 8 Hz, 2H), 7.12 (d,J ) 9 Hz, 1H), 7.07 (t,J ) 8
Hz, 1H), 2.22(s, 6H);13C NMR (125 MHz, CDCl3) δ 167.01,
165.36, 146.51, 139.89, 128.59, 128.41, 128.30, 128.28; 125.85,
118.38, 117.60, 77.26, 77.00, 76.75, 18.40; MS(EI)m/z 270
(M+).

Measurements. The electronic absorption spectra were
measured on a Jasco Ubest50 spectrometer equipped with a
liquid nitrogen bath cryostat Oxford DN1704. The temperature
of the cryostat was controlled within(0.1 K. A spectroscopic
grade isopentane from Merck (UVASOL) and a spectroscopic
grade methylcyclohexane from DOJIN Chemicals (SPECTRO-
SOL) were used as received. Precipitation was not observed
for any of the samples. In the determination of the temperature
for the appearance of the absorption band that is assigned to
the NH form, the emergence of the absorption band was
recognized as the deviation of 0.0025 in absorbance from the
baseline. The path length of the low concentration solution was
1.0 cm and that of the high concentration solution was 0.1 cm.

Calculations. The molecular geometries for the calculations
of the absorption spectra were obtained from the PM3 calcula-
tions. The calculations of the spectra were based on the INDO/
S-CI method. All the calculations were carried out using the
WINMOPAC3 package (2000, FUJITSU, Tokyo, Japan).

Results and Discussion

We measured electronic absorption spectra of salicylidene-
anilines1-6 in isopentane or the mixture of isopentane and

* Corresponding author. Fax:+81 3 5454 6576. E-mail: ogawa@
ramie.c.u-tokyo.ac.jp.

Figure 1. Uncorrected absorption spectra of salicylideneaniline (1) in
isopentane at different temperatures, 3.6× 10-5 M, path length 1.0 cm.
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methylcyclohexane (volume ratio) 3:1) at different tempera-
tures and found that all the compounds except6 exhibit a
remarkable spectral change with lowering the temperature.

The absorption spectra of salicylideneaniline (1) in isopentane
are shown in Figure 1. At 297 K,1 exhibits only the absorption
bands (λmax ) 338, 317, 300, and 270 nm) that are assigned to
the OH form.11,12 When the temperature was lowered, the
spectrum remarkably changed. From 140 to 115 K (above the
melting point of 113.3 K),13 the absorption bands of the OH
form decreased in intensity and new bands with the absorption
maxima at 426 and 313 nm emerged. The new bands are
assigned to the NH form on the basis of the INDO/S-CI
calculations. The spectral change was reversible.

The spectral change indicates that the tautomeric equilibrium
markedly shifts to the NH form with lowering of the temper-
ature. Thus, the NH form, which is much less stable than the
OH form at room temperature, becomes much more stable at
low temperature in the solution.

A similar spectral change was also observed in the isopentane/
methylcyclohexane mixture. In this solvent the spectra at lower

temperature could be obtained, because the solvent is transparent
until 77 K. The spectra for which the solvent contraction effect14

was corrected did not change in the temperature range between
90 and 77 K (Figure 2a), indicating that the equilibrium shift is
completed and the NH form is exclusively populated at 90 K
and lower. Herein the first successful observation of the pure
NH form of 1 in solution was achieved.

Other salicylideneanilines2-5 also show a similar spectral
change in isopentane or the isopentane/methylcyclohexane
mixture (Figure 2). The electronic properties of these compounds
are considerably different because of the variety of the substit-
uents. The conformation of5, in which the N-Ar bond should
be severely twisted due to the steric congestion by two methyl
groups on the aniline ring, must be distinctly different from
that of others. Nevertheless, all the compounds exhibit a similar
spectral change with lowering of the temperature. Thus, in
isopentane or the isopentane/methylcyclohexane mixture,
salicylideneanilines generally undergo the complete shift from
the OH form to the NH form with lowering of the temperature.

The results suggest that salicylideneanilines aggregate at low
temperature in these solvents and that the NH form is greatly
stabilized in the aggregate.

The aggregation is evidenced as follows.
First, the temperature for the appearance of the absorption

band that is assigned to the NH form depends on the concentra-
tion of the solution (Figure 3). The absorption band at 426 nm
emerges at 139 K in the solution of low concentration (3.7×
10-5 M) and emerges at 146 K in the solution of high

Figure 2. Corrected absorption spectra of salicylideneaniline (1), N-(5-chloro-2-hydroxybenzylidene)aniline (2), N-(2-hydroxy-5-methoxybenzylidene)-
aniline (3), N-(2-hydroxy-5-nitrobenzylidene)aniline (4), N-(2-hydroxy-5-nitrobenzylidne)-2,6-dimethylaniline (5), andN-(3,5-di-t-butyl-2-hydroxy-
benzylidene)aniline (6) in an isopentane/methylcyclohexane mixture (3:1) at different temperatures at path length 1.0 cm:1, 3.4× 10-5 M; 2, 3.5
× 10-5 M; 3, 4.0 × 10-5 M; 4, 2.2 × 10-5 M; 5, 4.1 × 10-5 M; 6, 4.6 × 10-5 M.
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concentration (3.7× 10-4 M). Thus, the NH form appears at
higher temperature in the solution of higher concentration.

Second, the spectra of6, which has twotert-butyl groups,
remain unchanged with lowering of the temperature, indicating
that 6 exists exclusively as the OH form between 297 and 77
K. The results suggest that the aggregation of6 is prohibited
due to the bulkiness oftert-butyl groups on the benzene ring.

Third, the EPA solution of1 does not exhibit the spectral
change with lowering of the temperature.15 This indicates the
interference with the aggregation by ethanol, which forms
intermolecular hydrogen bonding with1.

The stabilization of the NH form in the aggregate is
remarkable. According to the quantum mechanical calculations,
the NH form is less stable than the OH form by 4.6 kcal mol-1

for a free molecule of1.7 If this energy difference holds in the
solution at 77 K, the population of the NH form should be only
10-14. However, in fact, the NH form is exclusively populated,
indicating the reversal of the relative stability between the two
forms by the aggregation. Thus, the stabilization energy of the
NH form in the aggregate would amount, at least, to ca. 5 kcal
mol-1.

What is the origin of such a big stabilization of the NH form
in the aggregate? We have previously shown that the NH form
is predominantly zwitterionic in crystals (eq 2) and is consider-

ably stabilized by electrostatic intermolecular interactions.6,8 It
is therefore most likely that the NH form in the aggregate is
also zwitterionic and highly stabilized as in crystals, because a

crystal is a kind of aggregate. Thus, the big stabilization of the
NH form in the aggregate is ascribed to the zwitterionic
character of the NH form.

Conclusion

We demonstrate in this paper that salicylideneanilines are
generally thermochromic in the fluid solution of isopentane or
the isopentane/methylcyclohexane mixture and that the proton
tautomerization, which is the origin of the thermochromism, is
controlled by the aggregation of molecules.
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Figure 3. Absorption spectra of salicylideneaniline (1) in isopentane
of different concentrations at the temperatures where the NH form
appears. Inset: Enlargement of the region for the absorption band
assigned to the NH form. (a) 3.7× 10-4 M, path length 0.1 cm. Solid
and dotted lines represent the spectrum at 147 K and 146 K,
respectively. (b) 3.7× 10-5 M, path length 1.0 cm. Solid line 140 K;
dotted line 139 K.
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